Background: Stroke registries contribute to the conduct of clinical research and to the assessment of health care quality control. Efforts to compare clinical outcomes and quality indicators between centers are dependent on standardized data elements, but it is unknown how stroke physicians define common data elements, such as hypertension or diabetes, when collecting data for registries at their centers. Methods: We conducted an internet-based survey of 91 centers affiliated with a university to assess their definitions of common data elements (CDEs) and compared their responses with standardized definitions, including those from the American College of Cardiology (ACC). Results: More than half (52%) of centers completed the survey. There was only modest agreement among respondents regarding definitions of CDEs in the survey and even less agreement on how the respondents' definitions compared to ACC standards. Conclusions: Surveyed respondents do not agree on the definitions of CDEs, making comparisons between centers problematic. Standardized definitions of CDEs are needed to improve data collection for patient care and clinical research. This is an Open Access article licensed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 License (www.karger.com/OA-license), applicable to the online version of the article only. Distribution for non-commercial purposes only.
Introduction
Stroke registries are prospectively maintained collections of patient data that are used for clinical research and health care quality, federal-and state-mandated programs for hospital certification, and NIH-sponsored research networks. In research focused on cerebrovascular disease, registries soon will be used for verification of adherence to Centers for Medicare/Medicaid pay-for-performance indicators. Historically, registries in stroke have provided important data on the prevalence and severity of vascular risk factors in the stroke population, approaches to acute stroke treatment, complications, and outcomes. Observed associations among variables in stroke registries have proven useful in the design of quality improvement projects and prospective clinical trials.
In 2001, the American College of Cardiology's (ACC) Task Force on Clinical Data Standards published 'Key Data Elements and Definitions for Measuring the Clinical Management and Outcomes of Patients with Acute Coronary Syndromes' [1, 2] . These definitions were proposed to provide standardization for all centers involved in the collection of clinical data related to cardiovascular disease and allow for effective pooling of information from different centers. Unfortunately, no equivalent published guidelines exist in the literature on cerebrovascular disease. The NINDS is in the midst of proposing a library of CDEs or 'common data elements' (http://www.commondataelements.ninds.nih.gov/) for use in stroke studies; however, while these elements include factors such as hypertension and diabetes, the NINDS standards currently do not offer definitions for the elements but rather only specify classification for these factors as 'yes', 'no' or 'unknown' [3, 4] . Since cardiovascular and cerebrovascular diseases share risk factors, the ACC standards could provide specific definitions for use in stroke studies as well. These ACC standards can be used to assess the validity and reliability of registry data from stroke centers.
If data elements and definitions for research in cerebrovascular disease are agreed upon and standardized, registry level data have the potential to promote research by allowing for comparison and pooled analyses of both clinical trial data and multi-site observational data. Registries often provide important data and observations upon which clinical trials are designed and clinical trials often provide the basis for clinical care decisions. Furthermore, without registries, it may not be possible to readily understand the prevalence of specific characteristics and co-morbid diseases among an otherwise captive cohort of patients. Finally, with the impending quality performance measurement initiatives such as pay-for-performance, providers would benefit from registry data that are supported by a common taxonomy, enhancing both validity and reliability.
The purpose of this study was to compare the current use of definitions for data elements among US stroke centers that have stroke registries, and compare the use of existing stroke registry definitions with those already established by the ACC. We hypothesized that vascular neurologists using registry data were not making use of existing definitions published in the cardiology and internal medicine literature.
Materials and Methods

Study Design, Participants, and Administration
From September to December 2009, we conducted a cross-sectional, internet-based survey of academic vascular neurologists in the United States at university-affiliated hospitals using a modified Dillman's tailored design method [5, 6] . The survey was designed and conducted at www.surveymonkey.com [7] and used our previously published methods for obtaining a complete list of US academic vascular neurologists [8] . Vascular neurologists were targeted, as they are typically the primary investigators of registry-based clinical research, and as such are responsible for supervising the research process, assuring study personnel are appropriately trained, and that they adhere to the study protocol. After an exhaustive effort to identify all stroke centers affiliated with a university in the United States, surveys were distributed to a total of 144 vascular neurologists. Seven of the 144 individuals had e-mail addresses that were nonfunctional and the correct address could not be found. This yielded a total sample number of 137 initial e-mails that were successfully sent to the target population at 91 universities.
After ␤ -testing by three of the authors (K.C.A., S.M.-S., and S.I.S.) and two additional volunteers, the survey was formally released. Participants received a pre-survey cover letter explaining the objectives of the study and its importance. A request to participate in the study, with detailed instructions, followed which provided a link to the electronic survey. Non-responders were sent four reminders. No incentives were provided. This study was coordinated by the Vascular Neurology Program at the University of Texas School of Medicine in Houston.
Survey Content
The survey consisted of 3 general questions and 10 multi-part definition questions. All survey questions as they were presented to respondents are shown in the online supplementary material (www.karger.com/doi/10.1159/000334146). Respondents were asked to indicate (1) if their institution had an active stroke registry, (2) who abstracted data at their site, and (3) if their site made use of a registry codebook or data dictionary. The survey focused on 10 variables (i.e., data elements) commonly collected in stroke registries, many of which are specifically defined in the ACC standards: hypertension, diabetes, hyperlipidemia/dyslipidemia, atrial fibrillation, tobacco use, myocardial infarction, coronary artery disease, congestive heart failure, carotid disease, and peripheral vascular disease [1, 2, [9] [10] [11] . After an exhaustive search of available guidelines failed to reveal a formal definition of 'carotid disease', potential definitions were generated. Participants were provided choices and instructed to indicate if their center currently uses each provided choice as part of their definition for each variable (yes or no). Respondents were then instructed to indicate if they found each of the provided choices 'acceptable' as part of their definition for each variable (yes or no). Risk factor data elements included (but did not explicitly identify) criteria listed in definitions previously published by the ACC and American Diabetes Association (ADA) [1, 2, 11, 12] .
Data Collection and Analysis
All data was entered electronically by the participants. Analysis was performed using SPSS version 15.0 (SPSS Inc., Chicago, Ill., USA). The anticipated response rate was estimated at 50% (95% CI 37-63%, adjusted Wald method) based on prior studies [12] [13] [14] .
Results
Sample
Participants completed 55 self-administered surveys, representing 47 universities. Vascular neurologists reported that registry data were abstracted by trained abstractors (29%), medical assistants (4%), nurses (29%), physician assistants (2%), fellows (2%), attending physicians (6%), or a combination of medical professionals (29%). The response rate for individuals was 40.1% (55/137) compared to 51.6% (47/91) for universities. There was no significant difference in response rates based on Census Bureau regions (Northeast 25.5%, Midwest 29.1%, South 27.3%, and West 18.2%, p = 0.700).
Data Elements
The majority of respondents (80%, 44/55) reported using a stroke registry; however, only 46% of respondents using a registry reported using a data dictionary to standardize definitions within their center. Table 1 illustrates reported current use of examined definition criteria for 10 data elements. Patient or family report of having a data element was the most commonly used definition criterion, ranging from 55.8% for hyperlipidemia to 74.4% for hypertension and carotid endarterectomy as a surrogate for carotid disease. Current use of prior documentation of a condition ranged from 53.5% for tobacco use within the last year to 72.1% for hypertension. Current use of definition criteria related to patient medication ranged from 7.0% for peripheral vascular disease to 65.1% for diabetes. The use of laboratory findings to define data elements ranged from 11.6% in 'high-density lipoprotein ! 40 mg/dl' to 44.2% in 'glycosylated hemoglobin (HbA 1c )' for diabetes. Use of data elements derived from prior diagnostic studies ranged from 11.6% for 'left ventricular hypertrophy on admission electrocardiogram (ECG)' for hypertension to 76.7% for demonstration of atrial fibrillation on admission ECG. Also depicted in table 1 is the reported acceptability for each data element. There was poor concordance between current use and acceptability of most of the definition choices, especially for the many choices offered for the data elements hypertension, diabetes, and carotid disease. For the most commonly used definition criteria of each of the 10 data elements, at least 20% fewer respondents found definition criteria to be acceptable.
Discussion
The majority of centers surveyed are actively collecting stroke registry data on key elements such as hypertension or diabetes. However, few centers appear to have formal guidelines in place (e.g., codebook/data dictionary) to assist them with the within-site standardization of definitions for these variables. No more than three fourths of respondents were using or found any provided definition criteria to be acceptable for any of the data elements. For each data element, far more respondents were using a stated history of the data element to define its presence, than those that actually found a stated history to be an acceptable criterion. Researchers using and combining registry data may not agree on the definitions or even know the definitions used in the acquisition of the data they house in their registries.
The results of this survey suggest there is little consensus among US centers regarding the actual definition of CDEs in cardiovascular and cerebrovascular diseases. The prevalence of these data elements and association of these data elements with other patient characteristics or outcomes will be substantially affected by the definitions applied, making the interpretation of results from these registries problematic. There are various possible reasons for the lack of consensus. There may be a lack of agreement about the purpose of the registry, i.e., what question or questions it will answer, or a belief that a registry can be created that will be able to answer a wide variety of questions without compromising quality. Without a prospective and limited list of questions to answer, one can understand why it is hard to agree on how data fields are defined.
In addition, our study found that vascular neurologists are not currently using published ACC or ADA definition criteria for data elements. It is possible that stroke neurologists are not familiar with the ACC guidelines; however, our survey found that they often do not agree with the data element definitions proposed by the ACC.
The evolving acceptance of definitions by specialty organizations (e.g., ACC or ADA) is one barrier to the adoption of definitions for stroke registries. For example, in 2010 the ADA 
(11) 4 Admission ECG shows either ST-segment depression or T-wave abnormalities -in the absence of ST
20.9 (9) 21.7 (10) elevation in a lead group 5 Q waves present on admission ECG in a lead group 27.9 (12) 32.6 (15) 6 History of MI symptoms in the presence or absence of chest discomfort; ischemic symptoms may include: 9.3 (4) 10.9 (5) unexplained nausea and vomiting or diaphoresis, persistent shortness of breath secondary to left ventricular failure, unexplained weakness, dizziness, lightheadedness, or syncope 7 Prior echo shows evidence of regional wall motion abnormalities consistent with prior MI 27.9 (12) 28.3 (13) (1) approved the use of HbA 1c measurement of 6 6.5% to meet the criteria for diabetes mellitus. If stroke registries uniformly incorporate this criterion, the prevalence of diabetes mellitus may increase from rates previously demonstrated. If the criterion is not uniformly incorporated, data regarding diabetes mellitus cannot be compared nor combined from center to center. As other methods of diagnosing stroke risk factors are proposed and validated, centers using registries need to have a plan for how to adapt and incorporate new criteria. Similar to the standardized definitions that support evidence-based process measures endorsed by the National Quality Forum for adoption by the Centers for Medicare/Medicaid Services, definitions for medical diagnoses or the presence/absence of symptoms or disease characteristics are essential. Without this standardization, the validity of findings from the best process measures is ultimately threatened due to measurement error. Our study has a number of limitations. First, the generalizability of this study is limited by its 40.1% response rate; however, our response rate is in keeping with a review of 31 e-mail surveys that reported a mean response rate of 36.8% and recent stroke surveys assessing opinions of university-affiliated stroke neurologists [8, [12] [13] [14] . While self-administered web-based surveys have been shown to result in lower response rates and more missing data, they do have the advantage of diminishing social desirability bias and response order effects. Secondly, despite our efforts to ␤ -test survey questions prior to disseminating the survey, we cannot be certain that the responses regarding currently used and acceptable definitions of CDEs accurately represent the opinions of other neurologists within the same stroke center. For example, respondents at centers that use a prespecified protocol with standardized definitions to perform retrospective chart abstraction may have indicated that they did not currently use a registry codebook or a data dictionary, despite using standardized definitions. Further, we cannot disregard the potential influence of close-ended, leading, or loaded questions on respondents, despite our efforts to avoid double-barrel questions by separating the 'current use' and 'also acceptable' answer choices. It is possible that our target population did not represent all hospitals collecting registry level data, as many hospitals not affiliated with universities may also collect data to support their programs of research as well as stroke center certification. Lastly, we wish to point out that the results of this study should not be misconstrued to equate registries with well-designed epidemiological studies and controlled clinical trials. To the best of our knowledge, this is the first study to provide quantitative evidence supporting the NINDS proposal for creating a library of CDEs. The implications of our findings are practical, as existing inconsistencies in definitions may substantially impair our ability to detect associations between variables, limit the ability to generalize the observational data of a single center, and confound multi-site collaboration. Given the concerted efforts by academic institutions to collect data for clinical research, standardization of data elements is of paramount importance. This study supports the argument that consensus guidelines need to be developed to outline and define key data elements, to optimize and standardize data collection for the purpose of clinical research.
